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Abstract*    This report suMAariBes :;ho progresc to  j&t.o of vork on a 
contract calling for a study to determine the feasibility of replacing, 
the vacuum tube amplifiers of tlas AN/^AE-2 equipment with rapgi^tle 
anpliflerso 

1„    PURPOSE;    The purpose of this work is to determine the feaaiblity 

of developing magnetic amplifier equipment to replace the vacuum tube 

amplifiers and circuits now used in the Alf/SAR 2 equipment,    The 

satisfactory replacement of the electronic equipment by magnetic 

amplifiers will effect great improvements in the reliability of the 

equipment and a reduction of the maintenance effort required,    The 

incorporation of improved performance characteristics and the re- 

duction of aize and wuifjht are rdiitioral objectives* 

2'    Q5K5R1L FACTUAL E\TA 

2.1     TtJtSQlMEL iSrmaFD OH COl.THACT;    Tho folloving is a lint of the 

technical personnel engaged on this contract together iilth  ;ha 

man hours parfcrrosd by sash during tho period covsrec'. by this 

reportc 

NAME MAN HOURS 

B. J, O'PJeill 32 

H0 A, Qoldsmith 32 

H. Hori 3b 

L. Weieaman 276 

D0 Rogers 28 

3c    MEASUREMEWT PROCEDURES 

3^1   TEST INSTRUMENTS:    The following teet instruments and equipment 

were used in evaluating the results included in this report» 

(a) Krohn-Hite Oscillator, Model UlO-A 

(b) Ballantine 7,tV,H,( Model 3C0 
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    MAGNETIC  AMPLIFIERS.   INC.     

(c) Brush Recorder 

(d) Oscillator-Lrlrar, U00 cps„ 

(«) Noise Ifeter, Lab, Model KM 2 

(f) Dujiont Oscilloscope, Model 30U-H 

(g) Regulated Power Supply,  250 Volts, 80 M^lliamperea, DaCr. 

3o2    TEST SET-UP;    The tost r^t-up used for core noire evaluation made 

in connection with this nport is shovm in fi^jure 1 

3->3    MEASU.TEMENTS:    Noleo PK-p.swromor.^B VJTO ine.de with a lcborEtory 

constructed noise motor, the output being fed to a t'iermrcouple 

galvfnoractor which indicated true RM3 cois^ voltages      The output 

*<m.u nonitored with an croilloscopo as a chcc*c against neter 

amplifier saturation-    Kstar calibration vae checked periodicclly 

using the Xrohn-Hito rif.nal generator and the Ballantine V,T.V,M9 

3.U   RSFKRE1CBS; 

(1) Perro3B5net;.sm - Bosorth, R.M. - D0 Van Noetrant Co,   (I95l) 

(2) K^aaurf ?ent of the Noira Figure of Low-Frequency Amplifiers 

Saul Shenfeld-USL Report No. 1$U. 

(3) Williams & Noble - Fundamental Limitations of the Second 

Harmonic Type Mag, Modulator - Proceedings Inetn  of Electr 

Engineering, Vol. 97 

Uo    DETAIL FACTUAL DATA 

Uol    DESCRIPTION OF PRESENT BAR-2 EQUIPMENT 

Uolol   8ENFRAL; The Infrared Detector Set AN/BAR. 2 is a passive 

bearing finder system designed for installation on submarines 

to detect and obtain bearings of targets during periods of 

low visibility., 
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An optical system mounted on top of the periscope collects 

infrared radiation from a target and focuses it upon a sensitive 

boloaeter element„ The signal thus generated is arpllfied and 

presented as a Tisual Indication of target bearings 

ProYision is made for continuous 360° seaming or scanning 

of a United sector only0 

Uol.2 SIGNAL AMPLIFIER: The characteristics cf the optical system 

are such that at '.he rca-nrxirg speed ui'ed the naxinrun signal 

energy occurs at a frequency of approximately 3^ cycles per 

second, This signal is fad into an a-iplifier vhjch nlee3 the 

output signal to bhs le/el nrcessary for utilisation ->y the 

data presentation equipment. The amplifier is designed to 

operate irlth input signals from the 5 ohm bolometer as low as 

xO'-lo1 tattoo A lad— power gain of approximately lCr8 is 

required.  The amplifier muart have an inherent noise level not 

exceeding twice that caused by the thermal noise of the input 

circuit resistanceo 

it.2 MAQNETIC AMPLIFIER STSTEH 

Uc2JL SIOHAL AMPLIFIER 

«<.2„lol SEKSITIVITT AND NOISE CONSIDERATIONS: The minimum Input 

power level at which an amplifier may operate is limited 

by the noise level,    Noise sources llmltating the low 

level operation of a magnetic amplifier are: 

(a) Thermal Agitation: Noise of the input circuit which can 

be expected to contribute a noise powe of approximately 

U x 10   watts per cycle of band width at room tsmperatur t 
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(b) Bnrkhausen HQIBQ: Ori<jinating in tho core materials 

(c) Ka^ngbro strict Ion of the Core Material t    The effect 

of this phenomenon upon the noise level is not evident, 

(d) Rectifiers:    -'arlous studies have indicated that crystal 

rectifiers are capable of providing a potent noise source 

at signal lerelo below 10"^ wattso 

(e) External Fields 

(f) Noise injected by signal source and/or measuring device. 

(g) goise injected by carrier source 

(h) Hjcrophonic Noise due to mochanical vibration 

U.2.1-2   SUWftKT OF RiEVIOUS IHgESTIGATIONSt    Studies made during 

previous periods indicated that the predominant noise source 

limiting tho magnetic signal amplifier sensitivity was the 

core material itself.    Sone noise measurements were taken 

end calculations showed that tho no it; power in the control 

rindng was about 8 x 10r& watts.    This figure chocked 

with esnsitiTit.y measurements rnaUe previously. 

U„2ol.3    WDISE IK7ESTIGATJ.JKS DURIWQ THE REPORT PSRIODt    A core 

:aoiee evaluation program wan set up as outlined In a previous 

report.   The core materials subjected to analysis were as 

follows < 

Orthonol, 1 mil s*rip 

Orthonol, 2 mil strip 

Orthonol, h mil strip 

Hymu 80,    3 mil strip 

U750, 2 mil strip 
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    MAGNETIC   AMPLIFIERS.   INC.    

All test 007 sn vora O.? <o,.rv' to: o ir.l eonetiucti.o.t.    The 

aeariureMcnt and tc at net~up ia shown in figure 1.    • •ata 

tal-on *as cor-ret* f 5r actual -.ore output by th« fictor 

of known galr; <«f the ntiio Meter*     ?hie yoss output noire 

war than reduced to tx common bast* of PUS   noise voltage 

per turn p r cycle of bajxl width oo as to provide a noise 

figure which allovcd comparison aaoa^ jhj Ta,-iou«  intc..»iali, 

This dat* is tabulatod in Table I ar-d shorn .5ranar.er.ll7 ir. 

figure 2,    From thin cats it is evident that rJU.T, rt.nt ooro 

naterials producs noise lovole :,hich vary rather widely* 

In addition, the fetri? bfalcknscs is a iacto? :ln t'w njiee 

lor si of a .^iven core geo retry. 

lj ,;•,'-    8Ea?0 3I3tBM5i    Ir. ; r« vioua periods an invectigation of tl o 

feasibility 0" applying magnetic amplifiers to two typieal tarvo 

eyrtcrs c;  th:i AH/3AR-2 e-vlp.ncnt vac car-led citt      T»JB results 

o.? there st-cHoo, indtc-V; \rz ths applicability of magnetic 

a-TFlifasrs to thoao -yctoms were anncarir.ad in praviouo reports, 

5.1   CTQHAL AHPUPBg,   The sensitivity of the sijnnl amplifier la Halted 

by tw> wain .Cactor^: 

(1) Rectifier Tfeirs 

(?) Crr.3 hoisr? 

The f?rrt factor assuNet a riLgBifiepnt ttagnitud* at iaput lcvolj of 

leno than NT*3 watte.   Tic second factor ia influe icod by tba choice 

of core material* r.nd teonttry and appears to liait 1,V. aeMitivlty 
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to about lO"-1-^ watte at a carrier frequency of UOO cpa*    Detailed 

data on core noiao will bo presented in the final report on this 

study, 

5.2   SER70 STSTEHS;    The applicability of magnetic amplifiers to two 

typical servo systems of the AN/feAR-2 equipnent waa ctudied during 

previous periods.    These fctudies have been daseribed in reports 

covering thone intervals.) 

6,0   PROGRAM FOR NEXT INT5R7ALt    ?ho investIgatioaa being carried out undar 

this contract will be concluded and a final report girirg a conoleto 

amwaary of the work performed will be lasvecl duriig t?ie next interval 
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TABLE I, COKE POISE D&TA 

HHS Noise Microvolts per Cycle of Band Width per Turn 

U750 ffyw 6o 
Orthonol 

2 Mjl 

,00029 .0100 o0292 

.002^2 .00U15 o3l6 

,oio5 ,00362 ^13U 

coon.5 0OO380 .050 

oOlir 0031 068 

0150 0033 062 

Orthonol 
1 Mil 

.00318 

.0528 

,0$28 

,0318 

cC3l8 

o02;>2 

Orthonol 
h Mil 

.00528 

,0292 

,0372 

o0178 

o00925 

„(X>36 
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Figure 2.  CORE NOISE TB.  EICITIHG CURRENT 
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